Chromatograptuc and lmmunologtcal evidence is presented regarding the hydrolysis of the ester hnkage of O2-monosuccmyl cychc AMP m neutral solutions Such hydrolysis occurs whether the nucleoude derivative is present m free form in solution or conjugated through tts succinyl carboxyl group via an amide bond to proteins The latter process apparently occurs when succlnyl cychc AMP ~s conjugated to human serum alburmn for use as an lmmunogen in the production of anti-cyclic AMP antibodies and when the derivative is coupled to the enzyme glucose-6-phosphate dehydrogenase (E C 1 1 1 49) The enzyme conjugate has been used in developing a homogeneous enzyme immunoassay for cychc AMP Inhibition of the catalytic activity of enzyme-cyclic AMP conjugates by antl-cychc AMP antibody decreases with time, apparently due to the loss of cyclic AMP from enzyme-cyclic AMP conjugates stored in neutral solutions In addition, the ability of free cyclic AMP to completely reverse the inhibition process decreases with time because of the presence of antibodies in the antt-cycllc AMP sera that apparently lnlUb~t enzyme activity because of their binding specificity for the residual succinate-prorein deterrmnant sites of the enzyme conjugates Lyopluhzation of the conjugates immediately after preparation helps to overcome the problem, however, m vivo hydrolysis of lmmunogens prepared with the succmyl cyclic AMP derivative may always occur The consequence of this hydrolysis reaction and the subsequent formation of antl-SUccmyl-protein antibodies will be discussed with regard to existing RIAs for cychc AMP and a new homogeneous enzyme immunoassay for the nucleotide
Introduction
The O2'-monosucclnyl derivatives of nucleosldes and nucleotldes, particularly O2'-monosuccmyladenoslne Y,5'-cychc monophosphorlc acid (SCAMP), have been employed to conjugate such molecules to carrier proteins for use as lmmunogens m the preparation of antl-nucleos~de and antl-nucleot~de antxsera (Sterner et al, 1969 (Sterner et al, , 1972 , to enzymes for use m nucleotlde heterogeneous enzyme lmmunoassays (EIA) 1 To whom correspondence should be addressed 0022-1759/85/$03 30 © 1985 Elsevaer Science Pubhshers B V (Biomedical Division) (Yamamoto and Tsuj1, 1980, Joseph and Guesdon, 1982) and to radlolabels for use as tracers in radiolmmunoassays (RIA) of nucleotldes (Sterner et al, 1969 (Sterner et al, , 1972 In addition, a host of succlnyl derivatives of steroids (Erlanger et al, 1957 (Erlanger et al, , 1959 , anti-cancer agents (Okabayashi and Moffatt, 1982) and other drugs (Kawashzma et al, 1976 , Dixon, 1982 have been prepared for similar conjugation purposes
The instability of the nucleotlde derivatives at high pH (pH 13) has been reported previously (Stelner et al, 1969 (Stelner et al, , 1972 However, most lmmunoassay methodologies involving these derivatives are performed at or near neutral pH Further, upon injection into animals, lmmunogens prepared with the succInyl derivatives are also subjected to an in VlVO neutral pH environment Despite the fact that RIAs for cyclic AMP and cyclic GMP have been in use for more than 15 years, no reports have appeared concerning the hydrolysis of the O2'-ester linkages under these physiological conditions, nor the possible consequences of such hydrolysis It was, therefore, surptaszng to us that during our efforts to develop a homogeneous enzyme lmmunoassay for cyclic AMP, we found that free SCAMP as well as cyclic AMP-protein conjugates prepared with this derivative were unstable in neutral solution when stored at 4°C or even -20°C This report will provide evidence that this hydrolysis reaction occurs in protein-cyclic AMP conjugates used as immunogens in the preparation of anti-cyclic AMP antibodies and in enzyme-cyclic AMP conjugates that are potentially useful in homogeneous EIAs of cyclic AMP in biological fluids Hydrolysis of the O 2-ester linkage of SCAMP in protein-SCAMP conjugates (prepared by carbodllmade (Stelner et al, 1969 (Stelner et al, , 1972 or NHS-carbodnmide reaction procedures (Anderson et al, 1964) ) (Fig 1) results in loss of the nucleotide to the solution, whale the succlnyl group remains bound to the protein, presumably through an amlde bond to a lysyl residue of the protein There are at least 2 possible consequences when such a reaction occurs in cychc AMP-protein lmmunogens during storage in solution prior to immunization or in VlVO during slow release of the conjugate from the adjuvant-immunogen depot (Hurn and Chantler, 1980, Langer, 1981) First, loss of the nucleotlde molecules from the protein (usually human or bovine serum albumin when preparing anti-cychc AMP antibodies (Niswender and Midgley, 1970) ) may result In less than optimal immune response and antlsera with poor tlter Second, the residual succInyl groups remaining hnked to the carrier protein may elicit a population of antibodies specific for the residual succinyl-protein determinant sites In this paper, we will present thin layer and htgh performance lIqmd chromatography data which clearly show that free O2'-SCAMP is unstable in the pH range of 6 0-9 0 Furthermore. it will be shown that in vitro hydrolysis of glucose-6-phosphate dehydrogenase-hapten conjugates prepared with SCAMP and stored at neutral pH causes a progressive decrease in the inhibition of enzyme activity of such conjugates in the presence of antl-cychc AMP antibodies Data will also be presented which point to the presence of a population of antl-SUCClnyl-protem antibodies that likely results from the m vitro and possibly in vivo hydrolysis of the HSA-SCAMP Immunogen used to elicit anti-cyclic AMP antibodies The consequences of these hydrolysis reactions with regard to the development of a new homogeneous EIA selective for cychc AMP and to existing RIAs for cyclic nucleotides will be discussed
Materials and Methods

Reagents
The following reagents were obtained from Sigma Chemical Company, St Louis, MO O2'-monosucclnyladenoslne 3',5'-cyclic monophosphate, sodium salt (SCAMP), adenosine Y,5'-cychc monophosphate (cyclic AMP), glucose-6-phosphate dehydrogenase Type XXIII (G-6-PDH), human serum albumin Fraction V (HSA), trls(hydroxymethyl)amlnomethane (Tris), 1,3-bls[trls(hydroxymethyl)methylarnlno]propane (bls-Tns-propane), 1-ethyl-3-(Y-dimethylamlnopropyl)carbodnrmde hydrochlorlde (EDAC), N-hydroxysuccinlmlde (NHS), sodium azlde, Freund's incomplete adjuvant, gelatin Type II from swine skin, glucose-6-phosphate, monosodlum salt, fl-nlCotlnarmde-adenlne dinucleotlde (NAD), fl-nlCotlnanude-adenine dlnucleotlde phosphate (NADP) The solvents dimethylformarmde (DMF) and dimethylsulfoxlde (DMSO) were obtained from Aldrich Chemical Company, Milwaukee, WI HPLC grade methanol was obtained from BurdIck and Jackson, Muskegon, MI Freund's complete adjuvant was obtained from Dlfco Laboratories, Detroit, MI Cellulose than layer chromatogram sheets with fluorescent indicator were obtained from Eastman Kodak, Rochester, NY All other chemicals were reagent grade All solutions were prepared with delonlzed distilled water
Equipment
Ultraviolet absorption spectra were taken on a Cary Model 219 recording spectrophotometer with 1 cm path length quartz cells Actlvaty of the conjugated enzyme was determined at 30°C using a Gllford Stasar III spectrophotometer with a thermoelectric flow-through cuvette Reaction time was monitored with a stopwatch Finn p~pettes were used for the measurement of all reagents in the assay Lyophlhzation of the enzyme conjugates was carried out w~th a Vlrtls lyophlhzer The HPLC studies were done using a Brownlee RP-18 Sphen 5 analytical cartridge with a 3 cm precolumn of the same type, a Spectra-Physics SP8700 solvent delivery system, an SP8750 pump and injection system, a Kratos Spectroflow 773 variable wavelength detector and a Linear Model 500 chart recorder
Procedures
ConJugation reacttons
Preparation of SCAMP-NHS ester 5 0 mg of the sodmm salt of SCAMP was reacted with 1 7 mg EDAC and 1 0 mg NHS m a 1 2 mixture of dry DMF and dry DMSO The reaction was allowed to proceed overnight at 4°C with stirring
Preparation of SCAMP-G-6-PDH conjugates
Most of the data presented in this report were obtained from 4 SCAMP-G-6-PDH conjugates designated 19-1, 19-1A, 20-2 and 20-3 For conjugates 19-1 and 19-1A. 90/~1 of the solution of SCAMP-NHS ester was added in 15/zl aliquots at 10 rain intervals to a solution containing 100 umts (0 32 mg) G-6-PDH (which had been previously dialyzed against 2 × 1 0 1 0 10 M sodium bicarbonate), 1 5 mg G-6-P and 0 3 mg NADP (in 300 ~1) in a 3 0 ml glass centrifuge tube with a triangular magnetic stlrbar For conjugate 20-2. 180 /~1 and for 20-3, 135/xl of the solution of activated ester was added in the same manner The protein solution was kept at 0°C during the addition of the ester mixture, then at 4°C overnight The reaction mixtures were then dialyzed for 48 h against 4 × 1 0 1 of the appropriate buffer The pH 8 0 buffer (used lor conjugate 19-1A) was 0 10 M Trls-HC1. 0 10 M NaCI, 0 01% sodium azlde For the conjugates stored at pH 7 0 (19-1 and 20-3), an initial dialysis against 2 x 1 0 1 of 0 10 M sodium phosphate, 0 10 M NaC1 was followed by dialysis against 2 × 1 0 1 of 0 05 M bls-Trls-propane-HC1, 0 15 M NaC1, 001% sodium azade The solutions of conjugates were then each diluted to 2 0 ml with the dialysis buffer Spectra from 230 to 300 nm were taken in order to estimate the degree of conjugation (the moles SCAMP per mole protein) The solution of simultaneous equations using the molar absorptlvltaes of the unconjugated enzyme and hapten together with the absorbance readings of the conjugates at 230 and 260 nm gave the following values for the SCAMP/enzyme ratio conjugate 19-1, 11, 19-1A, 9. 20-2, 22, 20-3, 17 Many other conjugates were prepared in a similar manner with similar results Conjugates prepared in the manner described above typically retained 30-50% of their native activity (depending on the number of hapten molecules conjugated per enzyme molecule) following the conjugation procedure The specific activity of the unconjugated enzyme was 645 unlts/mg protein (1 umt = 1 ~mol NADH/rmn) while those of the conjugates immediately after dmlys~s were 19-1, 269 unlts/mg, 19-1A, 291 units/mg, 20-2, 239 units/rag, 20-3, 318 umts/mg Typically, the activity of the conjugates increased gradually during storage in solution, presumably due to loss of the hapten by hydrolysis There was no loss of activity in the frozen samples, e~ther those m solution or dry
Preparatton of SCAMP-HSA conjugates
The lmmunogen was prepared by conjugatmg SCAMP to human serum alburmn in reactions analogous to those used for the enzyme conjugates 300 ~tl of the ester mixture was added m 50 t~l ahquots to 25 mg HSA in 500 /~1 of 010 M sodlumbIcarbonatepH 92 At the end of the reaction period, appropnate dmlysls was carried out against PBS
Succmylatton of G-6-PDH
A solution of 100 units of G-6-PDH (0 32 mg), 1 5 mg G-6-P, and 0 3 mg NADP in 0 10 M sodmm bicarbonate was reacted with 25 mg succlnlC anhydride dissolved m 400 /xl DMSO overnight at 4°C The reaction mixture was then dialyzed at pH 7 0 m the manner described above This succmylated protein showed no activity and appeared to be denatured
Antlserum to cychc AMP
Antl-cychc AMP annserum was obtained through the Umt for Laboratory Animal Medicine (ULAM) at the University of Michigan Medical Center Immunxzat~on of a New Zealand white rabbit was mltmted by mtradermal injection of 1 0 ml of an emulsion of a 1 1 rmxture of Freund's complete adjuvant and a 2 mg proteln/ml solution of the SCAMP-HSA conjugate previously descnbed into 6 sites on the back of the ammal The emulsion was prepared by the glass syringe double-hub connector method (Hum and Chantler, 1980) This was followed by slrmlar injections of the conjugate solution emulsified w~th Freund's incomplete adjuvant at 1, 2, 3, 5, 9 and 13 weeks Serum from a bleedmg taken m the 14th week after the initial dose was used to obtain the data presented in ttus report Freshly prepared conjugates were used for the initial dose and those given at 2 and 5 weeks A commercml preparation of antiserum to cyclic AMP was obtained from Mdes-Yeda (Rehovort, Israel) This antiserum was reportedly raised m rabbits using a similar SCAMP-HSA lmmunogen
Thin layer chromatography studies of the hydrolysts of SCAMP
Approximately 1-2 mg SCAMP was placed into 1 0 ml of each of the following buffers pH 6 0 (0 10 M sodium acetate), pH 7 0 (0 05 M bls-Trls-propane-HC1), pH 8 0 (0 10 M Tns-HC1), pH 9 0 (0 10 M Tns-HC1) The solutions were stored at 4°C and were examined periodically by thin layer chromatography on cellulose plates with fluorescent indicator developed with 2-propanol and 0 50 M ammonium acetate in a 3 1 ratio The SCAMP solutions were compared with underlvatlzed cyclic AMP standards treated m the same manner
Htgh performance hqutd chromatography studws of the hydrolysts of SCAMP
To each of 6 vials containing 2 0 mg of the sodium salt of SCAMP as received from Sigma, one of the following buffers was added 0 10 M sodium bicarbonate, pH 9 0, 0 10 M Trls-HC1, pH 9 0, 0 10 M Tns-HC1, pH 8 0, 0 05 M bls-Tns-HC1, pH 70, 0 10 M sodium acetate, pH 6 0, 0 10 M sodium acetate, pH 40 For determination of concentration effects, 4 0 ml of the pH 6 0 acetate buffer was added to a seventh 2 0 mg vial of SCAMP These solutions were stored at 4°C Every second or thxrd day for approximately 8 weeks a 10 #1 ahquot was removed, diluted to 2 0 ml with a mixture of 0 01 M phosphate buffer, pH 6 5 and methanol in a ratio of 88 12 Three 25/~1 samples were injected into the sample loop m order to flush It before the final sample was allowed to enter the column The chromatography was carried out lsocratically using the same 88 12 phosphate buffer-methanol mixture as the eluent
Determmatton of actwtty and lnhtbltton of SCAMP-G-6-PDH conjugates
The activity of the conjugated enzyme was determined by measuring the increase m absorbance at 340 nm due to the appearance of NADH m an assay mixture containing 100/~1 of a 1 1000 ddutxon of the conjugate, 5 × 10 -3 mmol G-6-P, and 3 × 10 -3 mmol NAD m a total volume of 800/~1 The absorbance change over a 2 man period was noted after a 30 s delay to allow for temperature eqmhbratlon In order to determine the amount of antibody-Induced lnhtbltion of the conjugate, 25 /~1 of antiserum was substituted for a hke volume of buffer The serum was allowed to incubate with the conjugate for 10 man before ruination of the reaction by the addition of substrates To test for reversal of antibody-reduced mhlbmon by excess succinyl cychc AMP, 100 /~1 of a 10 -~" M solution was added in place of a hke volume of buffer The assay buffer was 0 10 M Tns-HCI, 0 10 M NaC1, 001% sodium azide, pH 8 0 Conjugate ddutlons were made m the pH 7 0 and 8 0 buffers descnbed m the conjugate preparation section to wtuch 0 1% gelatin had been added
Results and Discussion
Hydrolysts of free SCAMP
After noting several anomahes in our attempts to develop a homogeneous EIA for cychc AMP (to be discussed below), we decided to examine the stablhty of the free SCAMP derivative (used an all conjugation procedures) in different buffers of varying pH Prehmlnary TLC and subsequently a more quantitative study using HPLC were performed as described in the expenmental section The TLC study showed that a spot with an R v value corresponding to that for undenvatlzed cyclic AMP appeared within one day when succxnyl-cychc AMP was stored at pH 8 0 or 9 0, after 4 days at pH 7 0, and after 22 days at pH 6 0 After storage for 3 weeks at pH 9 0 and 4 weeks at pH 8 0, the spot corresponding to the onglnal SCAMP was no longer visible
The results of the HPLC study are summarized in Fig 2 The data points in Fig 2  represent the peak height due to free cyclic AMP as a percent of the sum of the peak heights due to both the starting matenal (SCAMP) and the hydrolysis product (cychc AMP) The results of the HPLC study strongly confirm the quahtatlve TLC data It is clear that the rate of hydrolysis of SCAMP to cychc AMP and succinlc acid increases dramatically with increasing pH However, in addition to the effect of pH, the nucleophlhclty of the buffer also appears to play a role m thas process As can be seen in Fig 2, the rate of appearance of free cychc AMP is much faster m Tns at pH 8 0 than in carbonate at pH 9 0 and much faster in bls-Tns at pH 7 0 than in acetate at the more acidic pH 
Hydrolysts of SCAMP m protem-SCAMP conjugates
Upon linking SCAMP to the enzyme glucose-6-phosphate dehydrogenase for ulumate use in a homogeneous EIA for cyclic AMP, we noted a marked decrease over time in the abdlty of ann-cychc AMP antiserum (either that raised at the University of M~chagan or Miles commercial lot) to inhibit the catalytic activity of these conjugates Fig 3 shows the decreases observed for the mhabmon of SCAMP-G-6-PDH conjugates stored in pH 7 0 and pH 8 0 buffers over a penod of 4 weeks at 4°C and at -20°C Conjugate 19-1, stored at pH 7 0, was initially inhibited 85% by excess antl-cychc AMP antibody 3 days after conjugation Intubitxon decreased to 53% after 4 weeks at 4°C and to only 33% when the same conjugate was stored at -20°C The decrease in lnhlbmon of conjugate 19-1A stored at pH 8 0 was even more dramatic From an mmal value of 77% after 3 days it decreased to only 29% inhlbmon after 4 weeks at 4°C and to only 11% after the same rime at -20°C A host of slmdar conjugates were also examined and all showed a similar decrease of lntubmon with prolonged storage To further demonstrate the hydrolytic loss of (11) with that observed in the same conjugate after lyoptuhzatlon (O) cyclic AMP molecules from the enzyme-SCAMP conjugates, after the 4-week-storage period these conjugates were redlalyzed against 2 × 1 0 1 of pH 7 0 bls-Tns-propane-HC1 (conjugate 19-1) or pH 8 0 Trls-HC1 (conjugate 19-1A) Data obtained from UV spectra for these conjugates after dialysis treatment are shown m Table I The UV absorbance at 260 nm falls dramatically presumably due to a loss of the nucleotlde chromophore (absorption maximum for cychc AMP = 259 nm (Fasman, 1976 )) The decrease in the ratio of the absorbances at 260 nm and 230 nm (260/230), is a more valid measure of the degree of hydrolysis, since this value normahzes for any decreases in the protein concentrations due to non-specific adsorption and dilution effects (1 e, enzyme has significant absorption at 230 nm whereas cyclic AMP does not) Although storage of the enzyme-SCAMP conjugates at -20°C does not slow the rate of hydrolysis, lyophahzation of the conjugates soon after preparation does stop the decomposition process For example, when a new series of conjugates (similar to 19-1 and 19-1A) was lyophlhzed immediately after preparation, these conjugates exhibited essentially no loss in the abihty of anti-cyclic AMP antibodies to ininint catalytic activity over 4 weeks when stored at -20°C, see Fig 3 We have since accumulated data for lyopinlized conjugates showing no loss of activity or ability to be Inhibited during storage for over 1 year
Evtdence for hydrolysis of HSA-SCAMP tmmunogen resultmg m formatton of antl-succmyl-protem anttbodles
Just as the SCAMP residues are hydrolyzed in SCAMP-G-6-PDH enzyme conjugates, so too can tins hydrolysis take place in the HSA-SCAMP conjugates used as lmmunogens for formation of antl-cychc AMP antibodies Such hydrolysis can occur in vitro while storing the lmmunogen in solution prior to lmmumzation and subsequent booster injections as well as m VlVO after the lmmunogen has been introduced into the animal Thus, in vivo, the immunogen will have both SCAMPprotein deternunant sites and some succmyl-protein sites Whale it may be possible that antl-SUCcinyl-proteln antibodies are elicited even In the absence of hydrolysis (the effect of bridging group recognition has been cited by many researchers, Caflla et al, 1973, Harper and Brooker, 1975) we believe that the presence of residual succlnyl-proteln sites remaining after hydrolysis of the hapten is likely to result in a larger population of such antibodies winch have a greater affinity for thas structure than those ehclted to the bridging group with hapten attached Immunological evidence for the formation of such an antl-SUCcinyl-proteln population of antibodies was gamed from 2 separate studies First, a pseudoconjugate of succinylated G-6-PDH was prepared (use of a large excess of succinic anhydride resulted in loss of enzymatic activity) and tested for lmmunoreactivlty with antiserum obtained in response to immunization of rabbits with a SCAMP-HSA conjugate A rang test was positive within 30 man and precipitin formation took place overnight A positive preclpltin test was also observed with the commercial antl-cychc AMP serum obtained from Miles-Yeda Laboratories Appropriate blank preclpltln tests in winch succmylated G-6-PDH was mixed with normal rabbit serum yielded no noticeable precipltin formation Second, we also evaluated the ability of excess free SCAMP to reverse the inhibitory effect of the antl-cychc AMP antiserum on SCAMP-G-6-PDH conjugates similar to those described in Fig 3 Complete reversal of anUbody-lnduced enzyme lninbition would be expected if the only population of antibodies effectively minbitlng the enzyme-SCAMP conjugate were binding to the cyclic AMP residues attached to the enzyme Such reversal would be required if a useful homogeneous EIA for cychc AMP were to be developed However, in addition to the progressive decrease in inhibition of enzymatic actlvaty of the conjugates in the presence of antaserum to cychc AMP, we observed that the ablhty of free cyclic AMP to completely reverse this inhibition also progressively decreased, as shown in Fig 4 It is this decrease in the reversibility of mtubmon an the presence of excess SCAMP that rules out the simple loss of succlnyl cychc AMP bound to the protein through unstable hnkages to senne, threonxne or tyrosme Hydrolysis of SCAMP from these residues would certainly result in loss of inhibition of the enzymatic activity by the antl-cychc AMP antibody but does not explain the decreasing reverslblhty of the remaining lnhlblUon by excess SCAMP which was observed Several posslbllmes were investigated to account for the non-reversal observed Redlalysls of the stored conjugate to remove hydrolyzed cychc AMP that could occupy binding sites of the antibody had no effect on lnhlbmon or reverslbdlty of mhlbmon This suggests the presence of a second population of antibodies in the serum with the ablhty to brad to the conjugate and lntublt its actwlty even in the presence of excess SCAMP (10 -2 M) The posslbdlty that hydrolysis of the cychc phosphate group had occurred during lmmumzatlon was also exarmned If this had occurred, anti-AMP antibodies would have been ehclted Ttus was ruled out by the observation that the addmon of AMP to the assay nuxture had no effect on the lntubltlon or reversal of inhibition of the conjugate activity However, the addition of a succmylated G-6-PDH pseudoconjugate (no enzymatic acUvlty) to the assay 100 - maxture d~d result in reversal of the lninbitlon remaining in the presence of excess SCAMP (see Fig 5) Tins confirms that the site of hydrolysis is at the O 2' position and that an interfering population of antibodies with apparent specificity for the succlnyl-proteln structure is present Such behavior suggests that as cyclic AMP molecules are lost from the enzyme-SCAMP conjugate with time, the fraction of total inhibition due to anti-cyclic AMP specific antibodies in the antiserum decreases, whereas the fraction of total lninbltlOn resulting from a secondary antibody population directed toward residual succinate-protein sites increases The observations described above provide strong evidence that the ester linkage of O2'-monosucclnyl cyclic AMP (SCAMP) is unstable when tins derivative is free m neutral solution or conjugated to a protein via an armde linkage Thus, in vitro and in VlVO hydrolysis of SCAMP-HSA lmmunogens can lead to the production of antibodies more specific for protein-bound succlnyl groups than those elicited toward the bridging group in the absence of hydrolysis In view of the dilute and/or low affinity nature of tins population of antibodies in anti-cyclic AMP serum, it is not surprising that the presence of tins secondary antibody population has never been observed in existing RIAs or heterogeneous EIAs of cyclic AMP (Meyerhoff and Rechnitz, 1979, Joseph and Guesdon, 1982) This is because, in such assays, antisera are often diluted on the order of 1 10,000-1 50,000 (Steiner et al, 1969 (Steiner et al, , 1972 and any binding of hydrolyzed labels by secondary antibodies goes undetected Further, In RIAs the continuous decay of radioactivity with time may partially cover up decreases in the binding of the label due to hydrolysis Indeed, It lb likely that the iodlnated tyroslne methyl ester-SCAMP molecules used as tracers in RIAs of cyclic AMP will hydrolyze at the O 2 ester hnkage resulting in less 'blndable' radioactivity with time It is also hkely that the resulting tyroslne methyl ester of succinate will not bind nearly as well to antl-SUCcinyl-proteln antibodies as do succinyl-protein sites (i e in protein conjugates the succinyl group is most often linked to lysine residues not tyrosme residues) Thus, free succinate has only minimal effect on the RIA assays of cychc AMP (Harper and Brooker, 1975) The problems of hydrolysis and antl-SUccmyl antibody formation have a much greater effect on homogeneous EIAs, where each enzyme-SCAMP conjugate ~s required to be surrounded by a large number of anti-cyclic AMP antibodies in order to induce substantial homogeneous lninbltion of the conjugates (Rowley et al, 1975) Consequently, in this case, antlsera cannot be diluted nearly as much as when being used in RIAs or even in heterogeneous EIAs, and problems regarding non-reversible binding of the label can often occur Lyophlhzatlon of the enzyme-SCAMP conjugates immediately after preparation overcomes tins problem and allows for the development of a useful homogeneous EIA for cyclic AMP provided that the enzyme conjugates are reconstituted Immediately prior to cyclic AMP assays
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Conclusions
We beheve that hydrolysis of succinyl derivatives of haptenic compounds at neutral pH can become a serious concern when developing antiserum towards the haptenlc groups as well as in the development of certain immunoassays for these molecules Whale we have focused only on the case of SCAMP and assays for cyclic AMP based on this derivative, it should be clear that succinyl derivatives of steroids and other drugs used routinely to prepare immunogens may also be prone to thas hydrolysis reaction Thus, it is suggested that derivatives containing hnkages less subject to hydrolysis, such as amides, ethers and thao-ethers be developed for use where long-term stability in solution is essential, such as in the preparation of hapten-protein immunogens and other conjugates (e g, enzyme-hapten conjugates)
